Earlier studies (Tamm et al., 1954; Tamm, 1954) showed that benzimidazole derivatives of very high inhibitory activity on influenza and mumps virus multiplication could be produced by multiple substitution of chlorine atoms in the benzenoid ring with ft-D-ribofuranose present at Ni in the imidazole ring. In subsequent reports (Tarm, 1955; Tamm, 1956 ) evidence was presented to show that the moderate degree of selectivity of action exhibited by chloro-ribofuranosyl derivatives was due to the presence of f3-n-ribofuranose at Ni in the imidazole ring. The present report concerns the inhibitory activity of certain chloro, bromo, and iodo derivatives of benzimidazole and that of the corresponding ribofuranosides on the multiplication of influenza B virus in chorioallantoic membrane cultures in vitro. The inhibitory activity of certain halogenated a-or ,-linked ribofuranosylbenzimidazoles is compared. The selectivity of action of these compounds as inhibitors of influenza B virus multiplication is asseed.
MA!ERIALS AND METHODS
The influenza B virus used and the techniques employed were described in the preceding communication (Tamm, 1956 The inhibitory activity of 4,5,6-(or 5,6,7-) trichloro -1 -, -D -ribofuranosylbenzimidazole (TRB) was reported in an earlier communication (Tamm, 1954) . However, the curve relating concentration of the compound to degree of inhibition was not given in the previous report and is therefore shown in figure 2. 4,5,6-(or 5,6,7-) trichloro-l-D-ribofuranosyl and 5-(or 6-) 1EJHALOGENATED RIBOFURANOSYLBENZIMIDAZOLES bromo-4,6-(or 5,7-)dichloro-1-D-ribofuranosyl compounds. The ,B-linked ribofuranosides were found to be 4.6 and 7.8 times, respectively, more active than the a forms. Of the other halogenated ribofuranosylbenzimidazoles, either the a-or the B-linked ribofuranoside was available for testing. When the number of substituents in the benzenoid ring was taken into account, the activities of these derivatives provided additional evidence that compounds which contained ribofuranose in the 8 linkage possessed greater inhibitory activity than the a-linked ribofuranosides. For example, on the basis of previously established structureactivity relationships (Tamm et al., 1954; Tamm, 1954) , the fl forms of 5-(or 6-)iodo-4,6-(or 5,7-) dichloro-l-D-ribofuranosylbenzimidazole and of 4, 5, 6, 7-tetrachloro-1-D-ribofuranosylbenzimidazole would be expected to show considerably greater activity than was found for the a forms. As with derivatives not containing ribofuranose, the type of halogen substituent present did not have a consistent or marked effect on inhibitory activity of the ribofuranosides. In a recent communication (Tamm, 1954) , it was shown that the trichloro derivative of 1-0-D-ribofuranosylbenzimidazole has 8 times greater activity than the dichloro compound. The observation that 4,5,6-(or 5,6,7-)tribromo-1-,j-D-ribofuranosylbenzimidazole was 4.3 times more active than the dibromo derivative is in line with the earlier result. Furthermore, comparison of the tri-and tetrachloro derivatives of a-D-ribofuranosylbenzimidazole showed that the tetrachloro compound was 5.7 times more active. Both these observations provide further support for the contention (Tamm et al., 1954; Tamm, 1954) that the activity of halogenated ribofuranosyl derivatives increaes as the number of halogen substituents in the benzenoid ring is increased.
The ratios of activities of various halogenated 1-,8-D-ribofuranosylbenzxmxdazoles to those of the corresponding halogenated benzimidazoles not containing ribofuranose indicated that conversion of the latter into ,-linked ribofuranosides resulted in increased inhibitory activity. The degree of increase was variable and seemed to depend on the number of substituents present in the benzenoid ring. Because the activity values for most halogenated benzimidazoles not containing ribofuranose were not precise, these ratios are not precise. However, the results strongly suggest that the contribution of the fl-D-ribofuranose moiety to the activity of the compounds was greatest with those compounds which exhibited the highest inhibitory activity, whereas the contribution of the same moiety was low in compounds of low activity. concentration. Thus, the fl-linked compound was 5 times more active and also 5 times more selective as an inhibitor of influenza virus multiplication than the corresponding a-ribofuranoside. Because of low solubility, comparison between the a and # forms of 5-(or 6-)bromo4,6-(or 5,7-) dichloro-1-D-ribofuranosylbenzimidazole was not possible.
As is also shown in table 2, the degree of selectivity of action exhibited by bromo-l-fl-D-ribofuranosylbenzimidazoles was not significantly different from that shown by the corresponding chloro compounds (Tamm, 1956 ).
DISCUSSION
The findings serve to underline and to extend certain observations reported previously (Tamm et al., 1954; Tamm, 1954 Tamm, , 1955 Tamm, , 1956 ). The high inhibitory activity of halogenated ribofuranosylbenzimidazoles for Lee virus depends on the presence of multiple halogen substituents in the benzenoid ring and on the presence of the fl-Dribofuranose moiety at Ni in the imidazole ring. The type of halogen substituent present in the benzenoid ring is not especially important but the number of substituents is; activity increases as the number of halogen atoms is increased from 1 to a maximum of 4. However, it should be emphasized that chloro derivatives not containing ribofuranose are more active than the corresponding methyl compounds and that conversion of certain methyl derivatives to ribofuranosides serves to inactivate these compounds, whereas conversion of chlorobenzimidazoles to fl-D-ribofuranosides increases virus inhibitory activity. Thus, methyl substituents confer properties on the molecule which are quite different from those conferred by chlorine atoms.
That the increased activity of fl-D-ribofuranosides of chlorinated benzimidazoles over chloro derivatives not containing this pentose is dependent on the structure of the carbohydrate moiety is shown by the findings that conversion of 5,6-dichlorobenzimidazole to fl-D-ribopyranoside does not alter the inhibitory activity and conversion to arabino-, galacto-, or glucopyranoside causes marked loss in the inhibitory activity. The importance of the structure of the pentose moiety is most pointedly emphasized by the fact that the a-linked ribofuranosides of halogenated benzimidazoles are much less active than the corresponding f-linked derivatives. Thus, it has been established that for highest Lee virus inhibitory activity the carbohydrate must not only be ribose but that ribofuranose in the f linkage is required.
It was postulated earlier (Tamm et al., 1954) that halogenated fl-D-ribofuranosides of benzimidazoles may interfere with metabolic processes involving ribofuranose. It is likely that synthesis of virus RNA is inhibited and that synthesis of host cell RNA is also affected to some extent. The observed structure-activity relationships suggest that halogenated fl-D-ribofuranosylbenzimidazoles interfere with RNA metabolism directly rather than through the mediation of vitamin B12.
As was shown in previous reports (Tamm, 1955 (Tamm, , 1956 , chlorine atoms substituted in the benzenoid ring increase both virus inhibitory activity and toxicity to a similar degree while the fl-Dribofuranosyl group increases virus inhibitory activity considerably more than toxic properties. (Tamm et at., 1954) . Further experiments with these compounds have indicated that they are not sufficiently selective to be used in sufficient amount to cause more than 99.9 per cent inhibition for a period of one week or longer without damage to the host. As has been suggested (Tanm, 1955 (Tanm, , 1956 , it may be possible to obtain increased selectivity by replacement of halogen atoms in the benzenoid ring with some other more desirable substituents.
Examination of a series of chloro, bromo, and iodo derivatives of bensimidazole and of ribofuranosylbenzimidazole revealed no marked differences among these compounds in inhibitory activity on influenza B virs multiplication referable to the type of halogen substituent present in the benzenoid ring. The a-linked ribofuranosides were considerably more active and selective than the a-linked derivatives. The selectivity of P-D-ribofuranosides of benzimidazole containing bromine substituents in the benzenoid ring was similar to that shown by corresponding chloro derivatives. 5-(or 6-) Bromo-4,6-(or 5,7-) dichloro-l-fB-D-ribofuranosylbenzimidasole caused 75 per cent inhibition of Lee virus multiplication in the chorioallantoic membrane in vitro at a concentration of 1.8 X 10-M or 0.72 ug per ml. As an inhibitor of Lee virus multiplication, this compound is 1,950 times more active and about 10 times more selective than unsubstituted benzimidazole.
